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Strategies for Construction of Cyclopropanes in Natural Products

Jin, Wenbing Yuan, Hua Tang, Gongli*
(State Key Laboratory of Bio-organic and Natural Products Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Cyclopropane-containing natural products frequently possess excellent biological activities, and may be developed
as drug leads. Although the inherent strain of the cyclopropane greatly challenges both chemical synthesis and biosynthesis,
great advances have been made for the construction of the cyclopropane in natural products by chemical synthesis owing to the
importance of this kind of compounds. Many enzymes responsible for cyclopropanation have also been unraveled. This review
summarizes the cyclopropanation strategies in chemical synthesis and biosynthesis. The strategies used in chemical synthesis
mainly consist of three classes: (i) a carbene involved mechanism, (ii) an Sy2 reaction mechanism, and (iii) cycloisomerization.
The strategies discovered in nature are reviewed on the basis of the carbon state involved, including (i) a carbocation, (ii) a
carbanion, and (iii) a carbon radical. Chemical synthesis and biosynthesis are mutually simulative because the strategies de-

veloped in chemical synthesis may inspire enzymologists to discover and design new biochemical reactions and vice versa.
Keywords natural products; cyclopropane; chemical synthesis; biosynthesis; catalytic mechanism
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Figure 1 Structures of representative cyclopropane-containing natural products
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Yk R A I 0 T FGER PA 6t (1) 7 7% (Scheme 1), %0715
T B B I S A e M DK B I 1 e A& I P T
AL A PR T2 .

2

R Zn-Cu R, _7ZnCu _
—— CH, ! \DCH
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Scheme 1 Simmons-Smith cyclopropanation
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YE ) 4 F (7] /¥) Simmons-Smith 35 7 ke dk [ S AE
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(}FR-900848 6) MO  OH
H AR R IR =)
KUXOMERRALE Y 7 ~AEERL, &0t 12 BN T
(+)-omphadiol [#]4x% f(Scheme 2).
(1) cul, MeJ\
: R N
7 then PlVO H 2 steps
/ Me ) —_—
(2) MsCl, DMAP N\ OP
Me Me

133 Pa
Me _—
HO™ \ =, OPiv
Me 7<M e
M
Me/m,()H ';l eMe
& Etzzn
nOH B —
CHal
H 22 g
Me 70% Me
1 (+)-omphadiol (12)

E 2 Kalesse ZF#ifi F(+)-omphadiol HI4H ik
Scheme 2 Total synthesis of (+ )-omphadiol reported by
Kalesse et al.
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Scheme 3  Total synthesis of (—)-lundurine A reported by Qin ef al.
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LG, IR B AL S A B3 2 DL RO I e it
TR IR R R BE 724, -+ LEE SR, Teyssie 2512022
RI PA(OAC), Ml Rhy(OAc), 1] LAAE N LL A 44 5 ) BE 4T 1Y)
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Q_: =R
R2 hoR
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B4 HEEDATAN R =SSR AL
Scheme 4 Cyclopropanation through diazo-derived carbenoids

7E Liu 22300 — 4% 052K AR P2 4)(—)-bolivianine
QeI E IR, 8 EY) 20 £ Pdy(dba); FIAEL T
TR A 2R R4k 21 AT AR A ket %
B 22 H 3-5 FEIRGEER, R4 — RV RS & P IR
FIFT T 5 A PR e 0 B 5 1 L 44 2 (Scheme 5).
1.1.3 R E XM )2 69 3 Am ik B2

20 42 60 4E4X, Doering A Hoffmann**4i%3& T 54}
fE +-BuOH H7ERH KOs-Bu HIVEH TR A a-TH R A2 1)
TRCRFONI O A AU, ATTSEEL 72
Wi LRRBR U R T BE A (Scheme  6). %7735 JG SRAE R
RPN A PR E] T EONTZ IR .
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(-)-bolivianine (24)

B 5 Liu SRIERIX(—)-bolivianine )45 K
Scheme 5 Total synthesis of (—)-bolivianine reported by Liu et

al.
S|
,ﬁ =X, X'%j}) = CX,
X
RZ2__R'
j%m
R4

R3

X
deprotonation

Q%KJB -BH

R2

R
I\:CXZ carbene insertion
L g
R*” “R3

B 6 RO IR 3R n Al S
Scheme 6 Cyclopropanation through addition of free carbenes
to olefins

Ding Z5PE %t #5258 KR steenkrotin A (30)F)
A RS, SR T 20T R P S R b,
FJEC ) 25 AL Rl — R BE R BRI R TR 26 2 5, 5 2,2-—
SRPIGEE n-Buli HOTEF R R a- T B BB A PR P
PE RIS, MTT LA 70% )77 263744 1 358 14 3 5|
AN PRI B A5 B - 3-7 IR Y 27
(Scheme 7).
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Br Me M
then n-Buli, X |y b ©
e
Me

steenkrotin A (30)

B 7 Ding ZHIERIXT steenkrotin A 45 il
Scheme 7 Total synthesis of steenkrotin A reported by Ding et al.
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(yatakemycin, 32)f12& B )G — KM 701
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(b)
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N
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34

=¥ 3-5 JE3(Scheme 8, a). 7E 2006 4,
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3 (Scheme 8, b).

S—Me
O
HN
Me\o N
OH
yatakemycin (32)

OH
C)\Me
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Scheme 8 Total synthesis of yatakemycin reported by Boger and Fukuyama, respectively
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Scheme 9 Cycloisomerization catalyzed by PtCl, reported by
Fensterbank and Malacria ef al.
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echinopine B U A B 1) VU A& 42 (Scheme 10).
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| —
MeO CO,Me
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Bl 10  Vanderwal Z43E K% echinopine B )4 A ik
Scheme 10 Total synthesis of echinopine B reported by
Vanderwal et al.
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Scheme 11 Total synthesis of (—)-nardoaristolone B reported
by Echavarren et al.

1.4 Eft 5%
BT R IX IR I iR A, FERPLE R
fER P HA KRR AR LR/ IRZ. Bl

Hodgson %5153 14F % 5t} 5 4 (1 A IR B 7 e 6 ity b &

Chin. J. Org. Chem. 2018, 38, 2324~2334



Chinese Journal of Organic Chemistry

REVIEW

IR BT, REAL B ITE LITMP (4R T BA
B R B PR BRI B AR BRI AL = . R
&, SR EW IR K ATE Simmons-Smith 3474
AL, 2 BN S 80N 1 A2 S Hodgson ¥R
PRE A TR BRSP4, e Tl 3K A B4 P e 4
(R IEAESIARIE R 2w DAEAME, 1207 EE RIR ™
¥)(—)-cubebol 1 chloranthalactone A [f] 4= & R #S H 15
B TG AP B4, Biichner Al Perkel™HRiE T
1-NEEPRIRR S AL S AR DD FAGRAE TR — 0 F Ny, [RI AR
IR BEAb = ¥ 2, BEJ5 Van Auken Fil Rinehart™*!
RIMZ IR BAE SRR 264 T e Se i, 1X Mo i 1-ntk
WA R 1S S LA P o A 11 O 3 s g P 81 1 T T Bk 1) R
SRPZW)(—)-lundurine A (18)7 FRIFF P Ke ORI, Btk
Z. 4k, Kulinkovich J 845 /& —FR SE A IAE 73 F 5l
AR5, REWBRES AN 2,3 4% AR E Ti(OiPr), 1)
HEAER T EIE A AR, XM EE G R A
1R Z N, B £ K SR 7% ¥ (— )-p-araneosene! ™ Fl
cyathins Bl 4 & it b, %07 ikl SR AE & B
RGN AR, S5 FAE ) AR TR B A A 45
BB EREMMATA. B4, &t
AR 08 s 82, T LA e 20K T v b TR IR R e, 91
UN{E Gaich A Mulzer™ 5%t KR =4 (—)-penifulvin A f¥]
G R T NN IR B, — P
M T RS ARARNIEIRIE R
2 HAREEEEE R R

BRI T AR S B R AR 7= ) (1) g 27 e AL L 1 i 5
M ERIR 2, (H & B TE B TR Jt 22k A 1 i i 40 1R

b R A AR IE R A AL TT, PR B AT K
PR e A1 A M G AR 2 O =R (D I BRIE S 1

Me
Me
PPO/\)\R PPO/\%R
FPP (53) J
PPO — . —
Mg2+sJ
\_r YR
Mé Me
53 54

H

NADP )

PPi~ NADR/m
H 58

squlene (59)

R
Me—; 1 3

wH HZQ "R PPO
= " R 1 | -—— ~-u|\ B —— 2)

ot +
Me ; ! \>7R >7R Mg

e
e

25 IR B OB (i) BB 7 35 T 5 S5 IR R e fk
A FH R H 2 5 R R B R B
21 HREBTS5MFARKRR

T RIRF= W0 AR il 2 Ak &4, EA1
(A% O i SRR H S 2 0 5 8 1 (TPP) R 5 7 s 3
FE T BR (DMAPP) 5 F AR 2 R 1), I HLJ2 R S s
P B AN 2K Al 2 5 M0 AW, 3 9 2Rl 0 (AL ML sk
L[] p R = AR — A A T R E B (R Ak, R,
T B PR IR KL & & — RO R IE B P2 51k
I gl L R P A 0 B TR A — AN
B a4k 2 (Scheme 12), XS a4 i & 0 & g
(squalene synthase, SQS)fEAL5E ™. SQS J& T 57 /)&
AR, AL T ERERREJEER(FPP, S3)LL 1'-1 5
TR E . 30, 18 SQS MM BRL MBI, — 4
T FPP [ FEBERR 28 25 7= A I IO 2 ik 12 B9 - 54, BB IE RS
TR HE T U 1D 57 H N T BE 64k 55 — 4TI FPP,
MNP AR IE B 7 rh )44 55, BfiJm 55 A Atk oy B
B A B P ek 56, 56 B T T 20 B
2, 2 PERERR B 2 R AR E AR TR SE 1 = ik
IEB T 58, H5 G il R Ak 2 I (59)14 ),

Ty AN 7 M e 7 i 72 49 I 5 £E B IR (chrysan-
themyl pyrophosphate, CPP) & B, & i L ™ 7 T
DMAPP (60)LL 1'-2-3 &L A G bk A =K E
[ BALTRE T/ CPP (Scheme 13)*°). [FRE(Y), CPP & EEfiE1L
SN SR — B R P AR I A B E BT 61, BLARIEES
TEEERES —7 T DMAPP, P4 =k EE T
62 SCH R TLIIAR R KL R i 63, Bl k2% C(1Yhr—
MNFTAEP# 42T CPP (64), 64 2 5 810 — R A EW &
WO TR B AT R AR PR B 3 3 1 (pyrethrin T)
(65)[45,46].

Me Me

PPO y R

i _ H\\":
a0 Vg B H/_\>’R

Me
6
e

5&'|>VI ) s
NADPH _
PPi
H+
Me M
'R

H '“II\>—R

o
H

M Me

57 PSQPP (2)

B 12 L EH P EEL 1 PSQPP R 1 AE Y& BT AR
Scheme 12 Biosynthesis of squalene preceeds through the stable cyclopropane intermediate PSQPP
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Scheme 13 Biosynthesis of pyrethrin I preceeds through the cyclopropane intermediate CPP
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Scheme 15 Biosynthesis of cycloartenol
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